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Aligned with the decline of Marshalian view of industry as constituting homogeneous set of firms, the new 
perspective is emerging by concentrating more on dynamics of sectors as the building block of industrial 
changes. Based on new assumptions,  much of the action in terms of strategy, technology, and knowledge 
development does not happen either among firms within a stable industry, or through the growth or decline of 
certain sectors compared to others. Instead, the action happens in terms of the definition, redefinition, drawing, 
and redrawing of the very nature of these sectors. Technology does not progress and develop within a sector; 
rather it shapes (and is shaped by) the encompassing architecture of multiple sectors.  
 
More recently yet, research has started to shed light on the dynamics of change in both the definition of division 
of labor in a sector, and also in the ‘rules and roles’ that characterize an industry at any one point in time 
(Jacobides et al., 2006; Pisano and Teece, 2007; Died et al., 2009). In this regard, we have recently started to 
understand what shapes the nature of the industries that we study, and to explain why and how sectors swing 
between integration and disintegration (e.g. Fine, 1998; Sturgeon, 2002; Langlois, 2003; Jacobides and Winter, 
2005). To advance such understanding, the concept of Industry Architecture (IA), referring to a template for 
who does what and who gets what (Jacobides et al., 2006; Brusoni, Jacobides & Prencipe, 2009), has become 
the focus of the research. IA embraces the entire structure of the supporting value chain, and the full range of 
institutions involved. The dynamics of IAs encompass the process of evolutionary change as well. The concept 
directs attention to the stable but evolving relationships along the value chain: that is, the patterns in which 
labour is divided in a sector among different types of industry participants.  
 
At the same time, the link between the boundaries of organizations and the industry’s knowledge bases has been 
shown to be important (Brusoni et al., 2001; Brusoni and Prencipe, 2006), and it is clear that the boundaries of 
knowledge and the boundaries of organization do not correspond exactly. Likewise, there has been an increasing 
interest in understanding how, given the task environment that organizations face, knowledge is created, shared, 
developed, and revisited. Both the relationship between the division of labour and the division of knowledge 
(e.g. Pisano, 1990; Brusoni et al., 2001; Takeishi, 2002; Pisano, 2006), and the way that challenges of 
knowledge integration (KI) shape strategic and operational choices (e.g. Grant, 1996; Henderson and Cockburn, 
1996; Prencipe, 1997; Orsenigo et al., 2001; Malerba et al., 2008) have started becoming important areas of 
focus. Starting from a micro perspective, the literature has hinted at how KI link to industry structure; but we do 
not have the additional evidence that would allow us to turn these hints into a concrete insight. We have yet to 
propose the micro-mechanisms that explain how the structures that integrate knowledge emerge, and how they 
affect the industries’ prospects, or how they change over time. 
 
In this regard, the evolutionary nature of industry architecture may allow this concept to accommodate such link 
between firm level knowledge integration processes with industry level dynamics. Accordingly, this study is 
aimed at exploring the interplay between industry architecture transformation and the knowledge integration 
processes within firms to identify the micro foundations of the emergence of new structures within industries.  
 
THEORETICAL BACKGROUND 
 
Understanding the foundations and evolution of profitability and value is at the core of strategy research. Apart 
from the Industrial Organisation philosophy of moving to a profitable position (Porter, 1980), RBV (Barney, 
1991) emphasises on making the current firms positions interesting and profitable by creating distinctive 
resources. Departing from this point, two streams of research were triggered: firstly, based on Schumpeterian 
economic view (Schumpeter, 1942) capturing the value from innovation was put the base leading to a focus on 
“business ecosystems” (Teece, 1986) and how Industry Architecture (Jacobides, 2006) affects profit 
distribution. Secondly, based on evolutionary view in economy (Nelson and Winter, 1982), a dynamic resource 
based view was fostered which eventually led to formation of knowledge based view (Grant, 1996) where it is 
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argued that firms through knowledge integration processes can renew their knowledge resources to keep it 
distinctive and source of advantage.  
 
While based on the Schumpeterian view scholars have tried to investigate how firms manipulate their industry 
architecture to their own benefit for making their position more interesting, based on evolutionary view, firms 
integrate internal and external knowledge to renew their existing knowledge resources and reinforce their path 
dependent position. These two approaches actually analyse firms’ actions against the external industry and 
internal processes. Despite the clear interdependencies between these interrelated aspects of firms’ response to 
environmental change, surprisingly, less insights have been systematically developed on providing the 
justification for formation of the research question of this study: how knowledge integration processes within 
firms may contribute to formation of industry architecture?  
Some interesting insights stem from the context of product innovation which underlies the social dimensions 
that support the unfolding of KI processes. For example, Clark and Fujimoto (1990) identified specific 
organizational arrangements that enhance communication and the exchange of information and ideas among 
individuals: activities that are understood to be the very foundation of KI. Therefore, product innovation offers 
an excellent context to study the dynamics of knowledge integration within firms. In addition literature review 
conducted indicated the importance of constructs such as industry architecture, innovation strategy, knowledge 
integration, absorptive capacity and dynamic capability for the purpose of this study. 
METHODS 
 
The present research might best be described as theory elaboration (Lee, 1999; Lee, Mitchell & Sablynski, 
1999) in that it elaborates theoretical links not previously addressed in the literature. For, example, previous 
studies on capability development have emphasised either on institutional environment influences or firms’ 
specific processes, resulting in apparent contradictions described earlier. Thus, this research attempts to 
“simplify, reconnect and redirect theory” (Lee et al, 1999:p. 166) on capability development, in a way that 
integrate macro-micro processes of capability development. 
 
Research setting 
 
For the purpose of studying the interaction between co-evolution of knowledge integration with industry 
architecture and development of existing capabilities this study needs to focus on product innovation projects 
across which capability has been developed. Then, the linkages between the co-evolution of knowledge 
integration with industry architecture and development of existing capabilities can be examined over the course 
of such product innovation projects. Based on such findings new knowledge may be gained regarding the role of 
knowledge integration in firms’ adaptation with environment upon which institutional environment influences 
and firms’ specific processes of capability development can be integrated.  
 
This study adopts a critical realist approach for studying the impact of managing knowledge integration across 
different product innovation projects on competitive capability development within firms. A case study method 
is used here for theory elaboration. To encompass both organisational and project level of analysis, an 
embedded case study design is adopted to undertake, a longitudinal comparative case study of product 
innovation projects in the Iran Khodro Company (IKCO). This firm is an exemplar of capability development 
within the Iranian Auto industry. Iranian government (as an emerging economy) through policy making has 
encouraged capability development within firms to provide the required basis for economic transformation from 
centrally planned to market-based economy. Due to strategic value of Auto industry, specific attention is paid to 
development of this industry. IKCO has been the key player of this industry development and has transformed 
from a car assembler into a leading car maker in the Middle East, North Africa and Central Asia. Over a period 
of 18 years, this company developed capability within global value chain of Auto industry and now stands as 
14th in the world wide ranking. Therefore, this firm is an excellent case for elaboration of capability 
development where the phenomenon under study is “closer to the surface” and easier to observe (Eisenhardt, 
1989; Pettigrew, 1990).  
 
 
Since IKCO’s capability matured over the course of the four product innovation projects (i.e. Pars, Samand, 
Soren and Dena projects), following the “replication logic” (Yin, 1994), these projects are selected as embedded 
cases through which dynamics of knowledge integration has led to capability development. These product 
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innovation projects represent “most likely” cases (Flyvbjerg, 2006) within the company for capability 
development across different product innovation projects.  
 
Study design 
 
In accordance with the micro perspective approach taken for this research, this study investigates such interplay 
between external and internal interfaces of firms by focusing on the dynamics of knowledge integration across 
different product innovation projects and their firm level and industry level effects. In this regard, the study has 
encompassed to different phases with first one focusing on the interactions between the IKCO micro processes 
and the competitive positioning of this company. The second phase of research investigated about the outcomes 
of the mentioned interactions (revealed at the first phase) at firm and industry level. At the next step of the study 
design of this research, the linkages between the findings of the two phases of the study were analysed to 
understand the interrelationships between IKCO’s strategic renewal and formation of industry architecture of 
Iranian auto industry. In brief, undertaking a micro perspective, this study has elaborated the micro foundations 
of strategic renewal at IKCO in the first phase and analysed them against the strategic renewal outcomes at firm 
and industry level to draw conclusion on how the IKCO has manipulates Iranian industry architecture through 
the dynamics of knowledge integration processes.   
 
In the first phase of study, 37 key informants with more than 10 years of experience in the case company were 
interviewed. The interviewees were selected based on information gained through the pilot study. The 
interviews were conducted during 22 site visits and within a four-week time frame. The training department of 
IKCO as the official channel for administrative arrangements developed a mutually convenient schedule of 
interviews for researcher and interviewees. The interviews were mostly conducted at interviewees’ workplace.  
 
The second phase of the study encompassed additional interviews and secondary sources of information. 
Interviews in this phase were basically Expert Opinion interviews as specific form of semi-structured interviews 
which focus on expertise in a certain field of activity and intend to reconstruct the knowledge of experts. 
Information from such interviews is useful for linking knowledge of the field at organisational level with 
theoretical concepts. 10 interviews were conducted at this stage by senior managers of IKCO and SAPCO 
companies. Secondary sources of information included: Company websites, Annual reports, Newsletters and 
News websites, other related websites and Company archive. These sources of information were used for 
collecting data about development of existing capabilities in IKCO across four product innovation projects: 
Pars, Samand, Soren, Dena. 
 
RESEARCH FINDINGS 
 
Findings of first phase of study revealed the micro processes involved with IKCO’s co-evolution with the 
industry architecture whereas the findings of second phase of identified the strategic outcomes of such processes 
and how they are linked to the micro processes revealed. 
 
First phase results 
 
At this stage cross level data was collected at project, firm and industry level which was then analysed against 
the literature. 
 
The dynamics of the constructs 
 
At this level of analysis, the findings regarding each construct of the conceptual framework have been compared 
with each other across different case projects. Based on conceptualisation of product as complex system (Simon, 
1962; Sanchez & Mohoney, 1996), the dynamics of each construct were analysed across different levels of 
product architecture to recognise the pattern of change of that construct across the case projects. As a result of 
such analysis, the patterns of change for different constructs (including industry architecture, innovation 
strategy, knowledge integration, absorptive capacity and dynamic capability) can be identified. These patterns 
show that all these constructs within each product innovation project have appeared at certain level of product 
architecture and across the case projects they have been developed from part level to architectural level of 
product architecture. For example, regarding the “industry architecture”, “complementarities” and “factor 
mobility” of the company’s strategic assets against local suppliers have been increased at part level within Pars 
project. However, within Samand project the same dynamics in industry architecture has occurred at component 
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level. Similarly, the same has happened at subsystem and architectural level within respectively Soren and Dena 
project. Accordingly, across the four case projects the level of “complementarities” and “factor mobility” of 
IKCO’s strategic assets against local suppliers has been increased at different levels of product architecture from 
part level to architectural level.  
 
Interrelationships among the constructs 
 
Co-evolutionary relationship between knowledge integration and capability development consists of two 
influences: the impact of capability development on knowledge integration and the impact of knowledge 
integration on capability development. Based on the findings of this study Industry Architecture co-varies with 
Innovation Strategy and Knowledge Integration across different levels of product architecture.  Such co-
variations implies that, at each level of product architecture, changes in Industry Architecture informs 
Innovation Strategy which affects Knowledge Integration at that level of product architecture. On the other 
hand, our findings indicate that there are co-relationships among Knowledge Integration, Absorptive Capacity 
and Dynamic Capability. Aligned with existing literature, these co-relationships show that, at each level of 
product architecture, Knowledge Integration affects both Absorptive Capacity (Van den Bosch et al, 1999) and 
Dynamic Capability (Zollo & Winter, 2002) at that level of product architecture. 
 
Since Absorptive Capacity (Zahra & George, 2002) and Dynamic Capability (Zollo & Winter, 2002), basically, 
change organisational capability base, as suggested by Jacobides and Winter (2005), they may cause further 
changes within the Industry Architecture in the form of increased complementarities and factor mobility 
(increased modularisation in industry structure) at higher level of product architecture. By changes within the 
Industry Architecture at higher level of product architecture, as discussed above, again innovation strategy 
changes leading to a change in Knowledge Integration at the same level of product architecture. Furthermore, at 
that level of product architecture, changes in knowledge integration informs formation of Absorptive Capacity 
and Dynamic Capability which eventually leads to another change in the Industry Architecture at higher level. 
These inter-connected influences across different levels of product architecture form interconnected cycles at 
different levels of product architecture. In fact, by iteration of the demonstrated cycle across different levels of 
product architecture, as illustrated in Figure 1, a spiral is shaped starting at part level and finishing at 
architectural level. Through this spiral, the mentioned cycles may altogether illustrate the co-evolutionary 
relationship between knowledge integration and capability development. Such co-evolutionary relationships, 
indeed, represent the “generative mechanisms” (Pettigrew, 1990; Sminia, 2009) upon which competitive 
advantage of firms are achieved based on dynamics of organisational micro processes such as knowledge 
integration. 
 
Figure 1: Interaction among the constructs across the four case projects 
 
Second phase results 
 
These findings included firm level and industry level effects: 
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Organisational level findings suggest that across four product innovation projects new architectural knowledge 
has been created at IKCO. In this relation, the depth of changes (depth of innovativeness) within each product 
innovation compared to previous innovation projects may reflect knowledge creation in that particular project. 
Analysis showed that knowledge creation across the four projects are consistent with knowledge creation model 
of Nonaka (1994) who suggested four steps of socialisation (tacit to tacit), externalisation (tacit to explicit), 
combination (explicit to explicit) and internalisation (explicit to tacit) for knowledge creation. 
 
Developing “architectural capability” at IKCO 
 
Organisational level findings of this research indicated that within IKCO Product Development Performance 
process has been developed. This has helped IKCO to cascade any required product attributes (improving 
product performance) onto the changes needed in subsystems and parts within them. Hence, IKCO could assess 
the changes in processes and knowledge bases needed for any products’ performance improvement required by 
the market. This characteristic of PDP enabled IKCO to meet market requirements by benchmarking gaps 
within its knowledge bases and adapting its processes.   
 
Industry level effects 
 
Modularity of product architecture and emergence of product platform 
 
Organisational level findings also point to emergence of new product architecture and platform. , Specifically. 
IKCO  has achieved “change” in “product modularity” during explorative capability development period, and by 
achieving “continuity” in “product modularity”, new product architecture and a new “product platform” 
emerged during exploitation period. .     
 
 
While the idea for a new product platform (from technological aspect) has been developed during the 
explorative capability development, such idea implemented in accordance with specific market requirements 
during exploitation period. 
 
Emergence of modular industry architecture  
  
One of the factors influencing/influenced by development of existing capabilities was emergence of modular 
industry architecture within Iranian auto industry. In this relation, over the course of the case projects, “Tiering” 
structure appeared within the industry. Over time, this structure gradually matured such that different layers of 
local suppliers formed within which upper level suppliers integrated lower level suppliers. Finally, IKCO 
worked with limited number of big local suppliers and made the final product by integration of overall 
subsystems (at architectural level), which was mainly delivered by them. Before undertaking the case projects, 
IKCO had to deal with more than 1000 small and big suppliers and integrate not only the overall subsystems but 
also the lower level subsystems.  
 
DISCUSSION 
 
Findings illustarte that by managing knowledge integration across a sequence of product innovation projects, 
firms may create architectural knowledge and capability and develop absorptive capacity and dynamic 
capability at different levels of the product architecture. Such architectural knowledge and capability creation, 
and development of absorptive capacity and dynamic capability from the part level up to the architectural level, 
would be the basis (underlying mechanism) for reciprocity between modularity of capability architecture and 
modularity of organisational architecture at different levels of the product architecture in accordance with the 
emergence of modular industry architecture from the part level up to the architectural level of the product 
architecture.      
 
In brief, this study demonstrated  that firms adopt a modular organisational architecture and, based on managing 
knowledge integration (in the context of product innovation) from the part to architectural levels of the product 
architecture, they achieve modularity of product architecture (based on developing absorptive capacity and 
dynamic capability) from the part level to the architectural level of the product architecture. Through ‘change’ 
and ‘continuity’ in the modular product architecture, firms adapt their existing capability architecture into a 
modular capability architecture (contributing to the emergence of a modular structure in the upstream value 
chain industry architecture) in accordance with the emergence of a modular structure in the downstream industry 
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architecture. In this regard, based on the findings of this study, Figure 2 represents the explanatory model of 
competitive capability development proposed in this study.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  Capability development model explaining reciprocity between a firm’s capability and industry 
architecture 
 
CONCLUSION 
 
This study focuses on the micro foundations of firms’ external and internal interfaces and add to the literature by 
revealing the underlying mechanism of firm-environment co-evolution. In particular, this research shows that 
change in different components of industry architecture initiates different lines of interactions between industry 
architecture transformation and firms’ knowledge integration. Change in factor mobility of strategic assets and 
complementarities between strategic assets at different levels of product architecture leads to differentiation 
within/among different functions resulting in employment of knowledge integration based on mutual 
adjustment/knowledge personalisation at the same level of product architecture. Using such knowledge 
integration approach not only create capability at those levels of product architecture but also develop routines 
of dynamic capability/absorptive capacity at those levels of product architecture. Accordingly, the changes in 
different components of industry architecture from part level to architectural level co-evolves with knowledge 
integration at those levels of product architecture. Within this reciprocal relationship, while changes in industry 
architecture affect knowledge integration through modularisation of organisational architecture, the knowledge 
integration affect industry architecture (at the next level of product architecture) through development of 
dynamic capability and absorptive capacity. Consequently, along with knowledge and capability creation within 
firms, new industry architecture emerges and dynamic capability and absorptive capacity unfold from part level 
to architectural level of product architecture.       
 
IMPLICATIONS  
 
Academically, the model depicted in Figure 2 can be tested quantitatively in future studies to provide more 
generalizability for findings of this study. In this regard, not only testing the relationships will add to our 
understandings of how firms can shape their industry architecture, but also scale development for the constructs 
introduced in this study would provide a solid base for a new line of scientific inquiry. 
 
Also, from the findings of this study, a practical framework can be developed which shows managers how to 
respond to environmental changes by shaping the industry architecture to their benefit through dynamically 
managing knowledge integration across a sequence of product innovation projects and at different levels of 
product architecture.  
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